UNCLASSIFIED

AD NUMBER

AD346022

CLASSIFICATION CHANGES

TO: unclassified

FROM: restricted
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies only; Foreign Government
Information; 04 OCT 1963. Other requests
shall be referred to The British Embassy,
3100 Massachusetts Avenue, NW, Washington,
DC 20008.

AUTHORITY

DSTL, AVIA 18/2047, 15 Jul 2008; DSTL,
AVIA 18/2047, 15 Jul 2008

THIS PAGE IS UNCLASSIFIED




CONFIDENTIAL

MODIFIED HANDLING AUTHORIZED

A 38468022L

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. YIRGINIA

&

CONFIDENTIAL

MOOIFIED HANDLING AUTHORIZED




NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
govermnment procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation vhatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

NOTICE:
THIS DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONAGE LAWS, TITIE 18,
U.8.C., SECTIONS 793 and 79%. THE
TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN
UNAUTHORIZED PERSON IS PROHIBITED
BY LAW.




L

Report No AAEE/Tech/236/Nav.
346022

DDC

o
=

Q
<X

2

CATALOGED BY

=

CUNF 1L fang - n
V.K,

“”“‘i “uadliag Aduthorixeq
CTED N
jeport No, AAEE/Tech/236/Nav,

MINISTRY OF AVIATION

AEROPLANE AND ARMAMENT
EXPERIMENTAL ESTABLISHMENT

-

THE GNMENT OF B ES ON

—
T
i

L. THIS INFORMAY -
By THL RIg
OTHER SOVETIMMENT NR RELEASE 7°»
ANY CTHER WAY WOULD BE A BREACH CF THIS
CONDITICN

2. THZ INFORMATION SHCULD g€ SAFEGUARDED UNDBR
RULES CESICNED TD GIVE THE cAMS {TANDARD OF
SECR'TY AS THAT MAINT.
GOVERNMENT IN THE UNITED KIN 3DOM.
3. THT INFORMATION CONTA'™
SHOULD t:5T BE CIRCULATED
DEPARTMENTS WITHOUT THE PRIOR PERMISSION OF vwe
MINISTRY OF AVIATICN

4 TUE RECIC " T 1 SWARNIEN TitaT (L 2ot TRV

PRESENTED BY

SQDN. LDR, P. H. R, CLIFFORD AND FLT, LT, I, K, BARTLEY

NS LISTLOLLL § LR OFFICIAL USS
PIENT COVERNMENT. U 22 S7URE 10 ANY

THE PRESS OR IN

e

R MAJESTY'S

‘EC IN THIS DOCUMENT
QUTSIDE GOVERNMENT

CONTAINED I* Tt e r ACymrat mav g SUREC” .,
POIVATELY . AWMFS €1aNTS

DDC

346022L

& Q;Tf P AN A0
MINISTRY OF AVIATION IJ DEC 151963
et U [ S
ey e e T JSiA D

Sl UM,y FNOM A 3
ey Urospihe

h&p Bin 599.11

MEE form 1,

Gaf. CONFTDENTTAL = Nod1fied Fandling autherised
W

v X ReSTRICTED



\
"r \“EE\.};}?EED

r‘..‘,‘ ’
! é! "\ L
Sn v
-

\}\ SR Repart No. AAEE/Tech/236/Nav.
AERGPLA'E YD JRUAKEIR, EXCERTMENTAL SOPABLISHUENT = 4 0CT 1963
nt_of Equipgent 0jec s_on
Presented by

8qdn, Ldr. P, H. R, Clifford and Flt. Lt. T. K. Bartley

A, & AE.E. Ref: ANRAL/O1

Sussery

This document describes the need for alignmsnt of equipssnt and
projectiles on sireraft, discusses the scourecy to which equipments require
aligning and msthods of ashieving the necessary acouwrscy. It also emphasises
the importance of deweloping an alignment plan for an aireraft or weapom
system, a3 a whole, at the design stage.

<« ».ind the National

'T};is dacfr‘,": L L - nuing of the
pefense ¢I 1 - : .on 793 and 794.
Espa.onage Lowd, -- - ) ..V als Coxlnents in any
fts transmission ov .. .- 4 b5 pronibited by la#.®

manner to an unauthox..-«.d pe

This Report is issued with the authority of

3 cmmmm

3 AUTH ORIZED

o




1.
2,
3.
L.
5.

-2 -
List of Contents

Introduction
The Need for Alignment to a Common Datum
Determination of Alignment Acouracy Required

Methods of Alignment and Determining Misalignment

Further Sources of Error in Navigation Systems

Conclusioms

t of ustrations

Deternination of Misalignment by Linear Measuremsnt
Alignment Using a Theodolite

Alignaent at Sea

Aligneent on a Permanent Adrfield

- w4
O W O F W

Tigure

& w N

v v e St

L.




1.  Introduction

Much attention has previously been given to the need for aligning
navigational systems in the horisontal and the vertical planes. The aligument
problem has, in the main, been that of aligning inertial navigators or gyro
platforms, but the problem also affects navigation and attack equipment, and
projectiles,

In the past insufficient consideration has been given to the alignment of
navigational sub-systems (including missile guidance systems) to the aircraft
on which they are carried. The Experimental Navigation Division of the
Aeroplane and Armament Experimental Establishment is investigating current
methods of aligning equipments to aircraft with a view to improving them and
recomeending a future policy for the overall alignment of navigation and weapon
systems, for service and civil airoraft,

The aim of this document is to explain the need for alignment to a common
datum, to discuss the accuracy to which equipments and projectiles need aligning
and methods of achieving this, These topics are considered in relation to
three possible applications: a land based military aircraft, a sea based
military aircraft and a land based civil or military route tramsport aircraft,

A subsidiary aim is to emphasise the importance of deciding, at the omset, on
an alignment plan for the aircraft or weapon system as a whole, rather than
the current piecemeal approach whereby each elemsnt of the navigation systenm
relies on its own method of alignment,

2. The Need for Alignment to a Coamon Datum

It is almost axiomatic that navigational equipments on an aircraft should
all meke their measurements with respect to the same datum direotion, yet this
ba.ic principle often seems to be forgotten,

2.1 Alignment of Equipments on Mjlitary Airoraft

For all military aircraft used in an offensive capacity a ocertain
acocuracy radius from the target is required. The Mean Area of Effectiveness
of any weapon (conventional or nuclear) to be employed will clearly have a
direct relationship on the Circular Error Probable (C.5.F.) required of the
navigation or attack system. Transpart aircraft used in a support role will
have similarly tight requirements in order that supplies and troops are dropped
within a hundred feet or so of the aiming point in a dropping sone. The
acouracy requirements for aircraft used to delivery cosventional weapons, or
support grourd forces in limited wars, are just as st as those for
strategic bomber airoraft. Alignment requirements of O.1 are frequently
required for current navigation equipments.

It will be spparent that if either doppler or astro is used to
crutch an inertial platform, output data must be related to an axis common
with the platform; frequently this axis is the heading of the wvehiolse.
Similarly if position information concerning the vehicle itself, or a target,
is required to be transferred from a radar equipsent to a computer the
scanmer and aircraft datum must be aligned.

The sbove arguments will obviously spply to any military aircraft
regardless of whether they are based on airfislds or aircraft carrisrs.

2,2 pt of 3 Civil

The navigation acouracy required of civil or military rou'e
transport aircraft is related to two demands, thoss of opersting econosy and
air traffic control regulations, If these aircraft are reocuired to know
position only to sbout 5 nautical miles, the slignment of navigatiom
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eouipments is less important at present than on military offensive airoraft,

As an example an alignment bias of 1°oma doppler (or compass) in e
Comet 4C would only incur the consumption of an extra 800 1b, of fuel if a
terminal error of 44 miles over its operating renge could be acoepted, If
however an aircraft is required to stay within 5 nautical miles of track and
it is assumed that pogition s fixed once every half an hour, then an alignment
accuracy of between §° and '~ would be necessary. Even this is a less stringent
alignment tolerance than that currently accepted on military airoraft.

3. Determination of Alignment Accuracy Required

The methods currently used by Experimental Nevigatiom Division, A, & A.E.7,,
to determine the alignment requirements for equipments and/or associated
projectiles are quite unrevolutionary. ‘n error budget is ccmpiled for the
weapon system under consideration which takes account of:-

{(2) The accuracy required from the overall systen.

{(b) The accuracy desired or svailable from each eouipmsnt within the
systenm,

(¢} The acouracy of transmitting the required data (i.e, probable errors
in synchros, gearing etc.), Consideration is also given to weak links
in the transmission chain that could introduce disproportionstely large
errors and which may, or may not, be cepable of improvement,

Analysis of the above factors indicates the accurecy with which elements
of the system should be aligned to meet current and poasible future
requirements. The alignment uccurscy to be specified (in order that alignment
errors do not have a significant effect upon acouracy) should be ! of the
angular accuracy required, gor example if an astro gracloer or doppler is
required to be accurate to 41~ it should be aligned -, This is based on the
fact that the root sum square (r.s.s.) of 1 and ' is close to 1. For this
method to be acceptable, however, all alignment errors must be random in nature;
bias errors should be edded in arithmetically rather than by r.s.s. mcthods.

Illustrations are given below of the order of result cbtained when this
procedure is used to derive alignment requirements.

3.4 Alignment Accuracy Requirements for a Strategic Bosber/Missile Carrier

A bomber intended to launch an air to surface missile would norsally
use the following equipments:-

(s) A search radar for fixing.

(b) A compass or heading reference system.

(6) A doppler radar.

The weapon system desigmer would be expected to quote the accuracy
required of each sub-system. For example these d.;htobo of the order of
1,530 ft. acosptadbls circular redar fixing error, (.3 heading error and
0.2" permissible doppler error. The alignment acouracy required for each
of these equipments (in order that the misaligmment between the missile and
its information sources was not a significant factor) would be of the order of:-

(e) Radar scanner 3°,

(b) Beading reference 0.1°,

(c) Doppler serial slightly less then 0.1°. o

/3e2 oo
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3.2 Alignment Accuracy Requirements for a Tactical Strike Aircraft

Por a tacticel strike aircraft (e.z. Canberrs, Buccaneer) required to
obtain a hypothetical C,...P, of, say, 1,500 ft, The ecuipments which might be
involved and their associated alignment tolerances could be:=-

(2) A search radar (1° in each axis)
(v) Gyro platform (4° in each axis)

(¢) Visual attack sight (0,8° in each axis).

3.3 Vertical Alignment in Hilitery Aircraft

In the past there has been less need for alignment in the vertical
but present fighter aircraft and future strike aircraft reoquire accurate
vertical elignment for the measurement of slevation angles, vertical
acoeleration, and accurate radar ranging.

3.4 Alignment Requirements for Civil/Military Transport Aircraft

The accuracy requirements for route-flying aircraft are less stringent
than for offensive aircraft (except in Terminal Areas where acourate fixing
aids are available). Since it may be assumed that the rate of fixing position
will be practically comstant the alignment accuracy required will be a function
of speed. If position is required to be maintained within, say, 5 nautical miles
of track and the fixing rate is once every half hour then the combined error
of heading and drift should not exceed an angle the tangent of which is 5 miles
divided by the distance covered in 30 mins, Therefore the misalignsent of
compass (or platform) and doppler should not have a r.s.s, which is significant
compared with the oversll track error., A table showing typical values for
various cruising speeds is given in Table 4 below:-

! ' Suggested r.s.s. of
. Acceptable Track . i Acceptable Misalignment
Cruising Speed . Prror Hemmd ?;irt of each Equipment
kB ;,
(323&?;67) i 66 arc mins (1.1°): 22 mins 16 mina
i
Mach 2 | 30 erc mins (.5 | 10 mins 7 mins
Mach 3 | 20 arc mins (.33%. 7 mins 5 mins
Table | - Alignment Requirements for High Speed Transport Adpcraft

It will be seen froum the above table that for supersonic transpost
airoraft at speeds of Mach 2 to 3 (e.g. the Concord) equipments will need to be
aligned to about 6 arc minutes, a target that is being used for the alignmsnt
of oquipments on the present gencration of military airoraft.

3.5 The Alignment of Inertial Platforms with Assgoiated > gqulpgegts

Provided that an inertial platform is initially aligned with respect
to terrestial axes there is no need for its alignment with the aircraft datua.
If doppler, search radar or astro information is to be fed to the platfora
computer, however, these equipments and the platfora sust be aligned to & common

datum;

the sirorsaft datum is the usual, though not an essential, choise.

The acouracy with which these equipmsnts are aligned depends on the
C.kE.F., recuired, Given a 5 mile C.F,F. over 2,500 lll”olnd a 500 yards redar

fixing recuiremsnt

the radar

must be aligned to about *° and, assuming simple
/doppler ...
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doppler/inertial mixing (or no acourate fixing source is available), the
platform/doppler alignment should be better than 2 arc minutes,

e s o o R 1 he

3.6 Specification of Alignment Requirements

Alignment requirements, in common with many other weapon studies, are
based unpon the C,E.F, reguired and accuracy figures are stated at various
probability levels, When an aligmment requirements is stated formally in a
specification & pass or fail figure must be given, The ouandary is to decide
which level to use, It is probaebly best to specify the 1< lovel as a pass/fail
limit, This seems to be the oniy way, although an expensive one, of ensuring
that at least 68" of the sample are better than the 1o required, the 25 or 3o
lsvels being useble only if one can guarantee a Normel Distribution of errors
with a fixed percentege of rejects,

L. Methods of Alignment and Determining Misalignment

The most common method of aligning equipments and projectiles in current
service use is by Jjigging. This is satisfactory for units mounted within the
main section of an aireraft fuselage but the further the unit is mounted away
from the aircraft's main datum the more questionable this technique becomes.

At best jigging can probably be relied upon for alignments to within 3-6 minutes
of arc but it would depend on the aircraft in question. Even if jigging may

be relied upon for initial instellation it is felt that provision should be

made for checking the alignment of units from time to tims. The question then
arises of how alignsent should be checked in service.

L. Methods of Checking Alignment
Methods of checking alignment can be divided into three main classes:-
(a) Physical Measurement

The most straightforward method of checking the alignment of
units, with respect to the aircraft centre-line or ome to another,
is to take measuremsnts between supposedly parallel axes at right
angles to them as illustrated in figure 1, A jig or set of jigs {s
the most common way of using this method. Jigs are satisfactory for -
units grouped closely about the airoraft datum but would be cumbersome
and insccurate for units widely spaced. An additionsl problem posed
is the provision of a means of checking the jigs themselves, since
they are seldom treated with adequate respect,

(v) Mechanical Methods

A datum gyro (or a compass) may be used to determine the
relative or true bearings of the main axes of each item of equipment.
The difference in bearing between equipments gives their relative
nisalignesnt, The use of a compass would be somswhat restricted by
change of deviation within the aircraft and by local anomalies of
variation(s magnetically "clean" compess base has constant variation
to better than 6 arc minutes, but “clean” compass bases are a rarity
at civil airfields). The determination of vertical alignment using
magnetic means would be inaccurate.

(c) Optioal/Redio Methods

Autocollimation can be used in certain ceses to align equipments i
to each other or to a common alignment datum. Alternstively, & ?
theodolite (or if money is no object, a redio theodolite) may be used
to determine the relative, or true, bearing of the main axes of each
equipment end & comparison cf the bearings will show their misalignment

/one to ...
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one to another. An optical method can be made quite simple and quick
to use if each equipment has a datum reflecting surfzoe mounted on it,
although care must be taken, when directional aerials are used, to
ensure that reflectors are truly aligned with aerial radiation
patterns, fhe axes of each eouinment would thus be established in
azimuth and in the vertical, although & levelled aircraft standing

on a level base would be necessery for the checking of vertical
alignment by theodolite, .

The use of a theodolite to measure the relative bearing of each
equisrment froi a distant object has already bdeen recommended by

A. " AE.E, for determining the misalignment of equipments situated
remote from the aircraft centre-line, PFigure 2 illustrates this
technioue which is fairly accurate in azimuth, but is difficult to
use for determining verticel misalignment.

¢

4.2 Future Trends in Alignment Equirment

To determine equipment alignment accurately in two planes, azimuth
and the vertical, it is felt that the fastest and most practicable method
currently available is a transfer gyro or platform, The trensfer nlatform can
give quick readings in elevation and azimuth and can be ma’e as accurate as the
airoraft platform. It may also be used, of course, for initial alignment of the
aircraft platforu at the same time. 4, ~ AJL,E. are at present investigating
the possibility of develoning a transfer platform capable of aligning aircraft
platforms with respect to earth axes and also capable of determining the
misaligneent between several equipments mounted on an aircraft or missile, It
is envisaged that this equipment would comprise & high quality zyro (with three
axss of freedom) complete with self contained power supplies, Each equipment,
and the aircraft itself, would have a pair of polished stainless steel flats
at right angles to each other. A pair of mating surfaces would be mounted on
the gyro unit which could then be offered up to each equipment in turn,
Alternatively a single reflecting surface on the inner gysbal of a platform
could be used in an autocollimation system using a telescope rigidly moumted on
the transfer platform, Since a single mirror can show movement about three
orthogonal axes, not only could this becore a very quick system but it is ideal
for determining the misalignment of inaccessible units.

To use the transfer platform to determine the misalignment between
several items of equipment the platform should be aligned initially to the
main airoraft axes. It should then be offered u: to each amissile, or piece of
navigation equipment, in turn, so that the misalignment of each equinment can
be deternined. Since the platform was initially aligned to the airocraft, the
misalignment will have heen measured in aircraft nitoh, roll and yaw axes.
This misalignment can then be removed by rotating the eoui-ment, with respect
to its mounting, by the apprepriate amount. Alternstively a note of the
misaligneent can be made within the aircraft cowputers.

Por the transfer platform to be used to determine the misalignment
between equipments on a naval aircrsft on s carrier, the method is basically
similar to that used on land, It will be necessary, however, to provide
indiocations of change of airoraft pitch, roll and yaw caused by ship's motion
between the instant the transfer platform is aligned to the airoraft and the
instant that each equipwent is monitored. These outputs could be cdbtained
simply and acourately from the aircraft or transfer platforz and with some
diffioulty with 3.I,%.S. A schematic diagram of the use of the transfer
platform at sea is shown at Picure 3,

The transfer gyro or platform proposed for ohscking the alignasnt of
sub-systens can also be used, of course, for the pre-flight alignmsnt of
airoraft platforss. To do this on land the transfer ecuipmsnt would first bde
aligned with respect to earth axss. This can be dens using a swrveyed datus
(on & permanent airfisld) or by internal gyro-cospassing (permanent or tesporery

/airfields) ...
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airfields). Heving aligned the transfer platform, it can be taken to several
airoraft in turn (see Pigure ) and the airoraft platforms can each be aligned
to it either by synchro matching or velocity matching techmiocues. Since the
transfer can take place at any point on an airfield there would be no necessity
for an aircraft to be taken to a particular part of an airfield for pre-flight
alignment, The transfer of information being a rapid process (41 minute or so)
there would be little interference with operations. At sea the pre-flight
alignment is just as simple as on land, The datum to which the transfer equip-
went is aligned, however, is more diffioult to prowide, The transfer
platform can be aligned to each axis by astro (if position and time are
scourately known), by gyro compassing if inputs of ship's rate are available
or by alignment to the ship's platform if accurate enough. (Pre-flight alignment
at sea is also illustrated in Figure 3).

4.3 Some Problems Associated with Alignment Methods

Sowe of the problems associated with alignment in general and the
disadvantages of the various methods suggested above are:-

(a) Accessibility

Some equipments on which the alignment should be checked are
very inaccessible although the autocollimation/transfer gyro method
should overcome this,

(b) Aljgnment Aflost

The space available for servicing, particularly hangar space,
is severely limited on an aircraft carrier thus precluding the use
of large jigs., The instability of the carrier would make the use of
a transfer gyro method more difficult dbut ocertainly not impossidle,
For units situated close together autocollimation may well be the
best solution,

(¢) Equipment Servicing

It is felt that whenever e unit requiring accurete alignment
is removed during servicing the alignment should be subsequently
checked, It is a requirement for some service and oivil aircraft
that equipsents should not recuire alignment after replacemsnt, all
similar units dbeing interchangeable, but this is felt to be rather
optimistic, where stringent alignment tolerances are laid down.

(d) Limitatioms of J

Apart from the limiting accuracy of jigs stated above, they are
thought to be too slow and curbersome, Neither do jigs and sighting
rods receive the respect they deserve in servioe,

(e) Limitation of the Theodolite Relatjive Bearing Wethod

The -relative bearing method outlined earlier is not really
suitable for aligning equipments in three axes slthough it is & quick
and relisble method of determining aisalignmsnt in asimuth.

(f) Lisitstions of » Datyp Magetio Cospass

° A dstum magnstic compass would be limited to somcthing worse than
0.1 and could only be used in "clsan" magnetic environmsnts which
would exclude sany airoraft currently in servioce. .
Ad Reo ods £ at
Por cu.rent military aircraft and equipsents requiring moderstely

/acourate ...
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accurate alignment (6 arc minutes or more) jigginz and checking by jig is
recommended if the equipments are suitably situated. iWhere the use of & jig
for checking alignment is unsuitable, optical meti.ods !autocollimation or
theodolite) are recommended., For aircraft using inertial platforms requiring
datum alignment the use of a transfer platform for this an’ checking the
alignment of other equinments is recommended. The problem of stability and
space on board shiy might limit alignment checks to periods when the carrier
is in harbour unless the transfer platform method is used.

Current civil aircraft systems can tolerate an alignment error of %o
or worse cnd it is therefore considered adequate to rely on manufacturers'
Jigzing, In future aircraft, however, where inertial systems are used it is
felt that (as Table showss imnroved methods of alignment will be required.
Optical methods will probably be more attractive to the financial resources of
airline operators. A theodoli‘*e could he used quite eas:ly to determine
misalignment between equipments and could conceivaebly be used for datum
alignment of the platform. Thris would be a slow orocess, however, requiring
accurate positioning of the aircraft. If speed and flexibility are required the
use of a trensfer gyro will probably be the only answer,

ko5 Alignment Datun

For most aircraft the alignment datum used is the geometric centre-
line as laid dom during aircraft manufacture, This datum is assumed to
coincide with the £1ight centre-line although few airoraft manufacturers will
guarantee this., For some aircraft the main cross-sectionsl mesber of the nose
section (which bears the main redar) is used 2s the main datum and all sub-
systems are related to this. For line of sight aiming this is satisfactory but
1t 4s argued that for computed manoeuvres, like 1,1.B.S., account must be taken
of the difference between the geometric centre-line and the flight centre~line
including the effects on this of changes at all un weight, speed and attitude
during flight. Tt is suggested that for future aircraft navigotion and weapon
systems the most logicel datum would be either the aircreft inertial platform
which would effectively align equipments to the ground velocity vector or, if
applicable, the datum of the missile carried whick woull represent al gning all
information sources to the point of ultimate use,

5. Rurther Sources of Error in Navigation Systems

Apart from the basic misalignment problem and the inherent errors of the
equipments comprising a navigation system, there are further sources of error
between the basic input and the final data which is fed to the computing element
of the system, Some of these ave discussed in the following parsgraphs.

5.4 Aircraft Behaviour

An aircraft is normally rega-ded as a structure that maintains its
shape during flight and, as mentioned earlier in this paper, one that flies
along its geometric centre-line, These assumptions in themselves give two
sources of error:-

(a) Alrcraft FPlexure

In flight, aircraft flex in all three axes and do not always
return to precisely their hasic shape, To minimise this effect
all navigation eruipment sensors (e,sz., radar serials, dopplers,
astro-trackers, visual sights and inertial platforms] should be
grouped toget er, preferably at tl: Centre of Gravity.

(v) Heavy Lendings

The strains applied to an aircraft structure during catapulted
take-offs and deck landings, on carriers, and heavy landings on

/firm ...
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firm ground may well cause an accurate alignment to be degraded.

The magnitude of these two effects can be expected to vary in
proportion with the distance between 2ligned equipments,

5.2 Transmission Problenms

The accuracy with which data is transmitted from source to user is
affected by:-

{2) Synchromotor accuracy.

(v) Power supnly quality.

5.3 Mountins Rigidity

Since many equipment. are on anti-vibration mounts it is necessary
that these mounts be free of lateral play in order that ecuipments are only
free to move in one plane, so thut movement is parallel to the aircraft's
main axes without tilting or slewing.

5. Corrections for Aireraft Behaviour and Transmission Errors

Since errors caused by aircraf't flexure, power supply fluctuations and
synchro errors cannot be eliminated, but can be measured, it is necessary that
account of these effect; be taken within navigatior and weapon computers,

6. Conclusions

It is suggested that a two vart approach is necessary to future work on
the alignment of ecuipments. Firstly during the early stages in conception of
an airoraft, or weapon systen, an overall method of alignment mus be formulated,
so that all units are aligned by a common method, to a common datum and so that
adequate provision is mede for the alignment of the sensing element of a unit
rather than its case, Secondly it is felt that work should commenoe as soon as
possible on the determination of a standardize:i -1lignment technique for use on
all future systems, Investigations in this direction have zlready started
within Exverimental Navigation Division, A, ~ A.F.f.

The transfer platform method of alignment outlined in this paper is
thought to nrovide the greatest development potential far the initial alignment
of platforms, the alignment of eouivments to a common detur and the correction
of bias errors in synchro transmission loops.

It is hoped that a develooment nrogramme will soon be started to examine
the gualities and capabilities of transfer gyros/vlatforms in isolation, and
in association with autocollimation methods, with a view to develoning a
standardised techni~ue 2nd equipment for the alignment of sub-systenms,

Only in this way can the existing multinlicity of alignment methods, jigs and
other devioes be reduced,
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